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Cellular Aging in Werner's Syndrome: A Unique Phenotype? 
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W ern er's s yndrome is commonly r e gard ed a s a mode l 
for t h e study of prem a ture a ging. Ther e are , howev er, a 
varie ty of c linica l and p a thologic anatomical fea tures 
that clearly di s t inguish it from aging in normal individ-
u a ls. In this pape r we report on in vitro cytoge n e tic and 
cell fusion s tudies that indica t e cultured fibroblast-like 
cells d erived from W erner p a tients diffe r from ce lls of 
nor m al donors . Desp it e these dis corda nces with " natu-
r al" aging , however, W erner's syndrome , like sev e ral 
o t h e r "segmenta l progeroid syndromes," may prove u se-
ful for the investigation of s e lect ed a sp ects of the aging 
p r ocess a nd of age-rela ted disea ses. 
Werner's syndrome, sometimes referred to as adul t progeria, 
has been of interest to geron tologists as a model of precocious 
aging. The clinical features of this syndrom e become apparent 
dur ing the 2nd to 4th decades of life. Among th e m ore obvious 
are loss and graying of ha ir, scleroderma-like alterations in t he 
skin involving primarily the lower extremit ies, cutaneous ulcer-
ations over th e bony prominences, cataracts, dia betes, and a 
high -pitched voice [1-3]. Probably the most consta n t featw-e is 
short statw-e, which is the resul t of growth failure dur ing th e 
adolescent period. Pedigree studies indicate an au tosomal re-
cessive mode of inheri tance, consistent with a s ingle-gene mu-
tation [3]. D iscovery of a basic biochemical defect with such 
pleiotropic m a nifestations would have a profound effect on our 
unde rstanding of th e biology of aging. 
Al though m any features of this synd rom e show a striking 
similarity to t he natura l aging process, E pstein et al [3] h ave 
emphasized th at there are many dissimilarit ies. In T able I are 
listed some of the differences observed by t hese authors a nd, 
more recently, by Mar t in [4]. T hese observations led Epstein 
et al [3] to conclude that Werner's syndrome should be viewed 
as a "caricature" of aging. Indeed, none of th e va rious syn-
dr omes that display featw-es of premature aging are exact 
phenocopies of th e " natural" aging process [4]. 
I nvestigation of th e behavior of cul tured cells from skin and 
other organs provides a n experimen tal approach to the study 
of this d iso rder. T he limited proliferat ive capacity of cul tured 
huma n diploid fibroblast-like (FL ) cells is now well established, 
although the mechanism controlling t he growth and "senes-
cence" of these cells is unknown [5-7]. It has been demonstrated 
that the growth poten tia l of FL cells is inversely related to the 
age of the don or [8]. Cultured cells from som e of the syndromes 
ex hibi ting features of premature aging display varying degrees 
of attenuation of growth potent ial, and of t hese, cultures from 
patien ts with Werner's syndrome have th e sh or test in vitro life 
spans [8]. On the basis of these and other observations, some 
investigators have concl uded th at clonal senescence in t issue 
cul ture systems may be a useful model of aging at the cellular 
level. 
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In view of t he fact that pat ien ts wi th Werner's syndrom e 
display a pa t tern of clinical and anatomical featw-es signifi_ 
cantly differen t from t he normal pattern of aging, comparative 
studies on cul t ures derived from W erner pa tien ts and normal 
individuals may be useful to research ers attempting to d eter_ 
mine whether differences are also presen t at th e cellular leve l. 
W e previously repor ted the presence of extensive translocation 
m osaicism, in mult iple cul tures from a patient with Werner's 
syndrome, t ha t wit h 1 exception was not observed in cult ures 
derived fro m a variety of normal donors [9]. In this repor t, we 
extend these observations a nd demonstrate differ ences in a cell 
fusion assay between Werner cells and cells of "senescen t" 
cultures derived from the skin of normal individuals. 
MATER IALS AND M E T H ODS 
Origin of Cuilures 
T he human diploid FL cul tures used in these studies were established 
by standard techniques employed in our laboratory [10] and were 
derived from several donors. T he Werner cells were from 2 sisters 
HMcG (case 1 of Epstein et al [3]) and MI, both wi th well-documented 
Werner's syndrome. Both individuals succumbed to bilateral conflu en t 
bronchopneumonia after a protracted decl ine in health characteristic 
of this disorder. Tissue specimens obta ined post mortem (6 hl' for 
HMcG and 13 hI' fo r Ml) from multiple sites from the skin and other 
tissues were immediately immersed in liquid ni trogen in medium con_ 
taining the cryoprotectant dimethyl sulfoxide (DMSO). The majority 
of the Werner cul tures were initiated from explants after 2 to 12 months 
of cryobiological storage. Previous experience in our laboratory indi-
cated that prolonged cryostorage would have no effect on our experi_ 
mental observations. The control cells used in the cytogenetic and 
morphological studies were cul tures from 35 individuals referred for 
routine cytogenetic diagnoses. Of the specimens, 7 were obta ined post 
mortem from the mesial aspect of the arm; the rema inder were from 
living donors from a variety of sites in the skin. Four of these cul tures, 
derived from 2 couples with histories of habitual abor tion, were evalu-
ated fo r cytogenetic aberrations throughout the li fe spans of their 
cul tures. T he FL strain used in the cell fusion studies was derived post 
mortem from the mesial aspect of the arm from a premature infan t 
who died of respiratory distress syndrome. The hu man epi thelial 
(HeLa) cells, designated HeLa-M [11], used in the cell fu sion studies 
were kindly suppljed by Dr. George Kenny. 
Cell Cultures 
All cul tures were maintained in modi fied Dulbecco-Vogt medium [9] 
prepared in our fac ili ty. For the cytogenetic and morphological studies, 
the medium was supplemented wi th 16% fetal calf serum and 100 uni ts 
of penicillin per millili te r of seru m, buffered by the addi tion of 27 mM 
sodium bicarbonate, and maintained in a 5% CO2 atmosphere. In the 
cell fusion study, medium contained 10% fetal calf serum, 100 uni ts of 
penicillin per millili ter of serum, and 100 Ilg of streptomycin per 
millili ter of se rum. These cul tures were buffered with 33 mM N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) and 9 mM 
bicarbonate, and maintained in a 1% CO2 atmosphere. The human FL 
cul tures, ini tiated in glass Leighton tubes, underwent passage in Falcon 
or Corning plasticware. Cell passage was accomplished with a trypsin-
versene solu tion [12]. Determination of the proliferative life spans of 
certa in cul tures was achieved by weekly trypsinization and replating of 
5 X 10" cells onto 25-cm" tlasks until cessation of growth. "Cumulative 
population doublings" and "population doublings" as a function of time 
were calculaled from hemocytometer counts carried out at each passage 
. [8]. All cul tures were examined for mycoplasma contamination by 
isotopic labeling [13] and aerobic and anaerobic cul ture [14] methods. 
92 
These tests were carried out on all FL cul tures wi th nonconstilutional 
chromosomal aberrations, selected cytogenetica lJy normal FL cul tures, 
and the HeLa cul tures. No evidence of contamination was demon-
strated. 
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TABLE l. A sampling of Wer er syndrome featu.res that are discordant with those of aging" 
S horl slalure 
Proportion of sarcomas 
and connective t.is.c;ue t.u -
mars among neoplasms 
sorl-lissue calcifica-
lion 
Central nervous system aI-
teralions (senile plaques and 
neurofibrillary langles) 
Werner's syndrome 
Aging syndrome 
Primary 
Acquired 
" Modified from Epstein et a l [3]. 
MOIphological Studies 
Comm~ 
Unusual 
Evaluation of the morphological a lterations associated with increas-
ing proliferative age was accomplished by microscopic examination of 
fix ed and stained clones. Cloning was performed by the plating of 
appropriate ly diluted ce ll suspensions into 60-mm Petri dishes. For 
actively dividing cultures at low passage levels, approximate ly 200 ce lls 
were seeded into each Petri dish. For cultures at higher passage levels 
and the Werner cu ltures we used up to 2,000 ce lls per P etri dish because 
of lower cloning efficiencies. Afte)' 10 to 12 days of incuba tion at 37°C, 
the cul tures were washed once in phosphate-buffered saline and fixed 
and stained in 1% crysta l vio let with 20% ethanol. Evaluation of the 
clones and ce ll counts was carried out at a magnification of 12X. 
Cytogenetic Analyses 
The methods of analyzing the cytogenetic prepaJ'ations were de-
scribed in a previous publication [9]. Briefly, chromosome preparations 
were made on standm'd 1" X 3" slides from suspensions of trypsinized 
cells after exposure to hypotonic solu t ion. Initia l evaluation included 
coun ts, the identification of acrocentric chromosomes, and a search for 
a berrations as evidenced by distortion of the m-m ratio , with pinacyanol-
stained [15] prepara tions. More extensive analyses were carried out by 
pairing and identification of homologous chromosomes from schematic 
drawings made at the microscope and from photographs of standard 
(nonba nded), G-banded [16], and R-banded [17] preparations. 
Cell Fusion 
This was accomplished with polyethylene glycol (PEG) (1 ,000 mol 
wt, Bakel' Chemical) dissolved in medium (without serum) containing 
DMSO [18] according to the protocol of Davidson and Gerald [19]. To 
facilitate the ident ification of the pm'enta l origin of di- and polynucleate 
cells , we used reliab le prelabeling techniques. The He La cells were 
cultured with latex beads (- 1 /lm; Polysc iences) for 24 hr. The 
unphagocytosed beads were separated from the ce lls by 3 washes before 
trypsinization and centrifugation (1 ,000 rpm for 5 min) of the cell 
suspension in a desk-top centrifuge. The human FL cells were exposed 
to :'H-menthionine (specific activity> 100 mCi/mM; New England 
Nuclear) at a concentration of 2 IICi/ml for about 15 hr. Prior to 
trypsinization the cells were washed thoroughly in medium without 
serum. After the prelabeling procedUJ'e, 5 x 10" FL cells and 10' HeLa 
cells were plated onto 22-mm coverslips previously placed in 35-mm 
Petri dishes. After complete attachment (6 to 8 hr), t he cultures were 
fused. Immediately afte r fusion, a ll cul tures were pulsed for 24 hr with 
"H-thymidine (specific activity 6.7 Ci/mM; New England Nuclear) at 
a concentration of 0.5 /lCi/ml. Controls consisted of parental ce ll 
cultures alone, half of which were exposed to the PEG-DMSO fusogen. 
At the end of the pulse period the coverslips were washed 3 times with 
phosphate-buffered saline; fixed in Bouin's fluid for 24 hI'; washed 
successively in 30%, 70% and 95% ethyl a lcohol; and finally ai.r-dried. 
The prepm'ations were then mounted on 1" X 3" s lides, dipped in 
Kodak NTB-2 emulsion fluid and exposed for 3 days at 4°C in a 
dehumidified atmosphere. Finally the preparations were processed in 
Kodak D-19 developer and stained with eosin and hematoxylin. Ana l-
yses were carried out by consecut ive enumeration of the cells in the 
subconfluent areas of the cultures. 
RESULTS 
Growth and Morphologic Studies 
The markedly attenuated growth potential of cultw-es de-
rived from patients with Werner's syndrome has been well 
documented. Even the most vigorously growing Werner strains 
reach senescence well before those from apparently normal 
donors (Fig 1) . In most cultures Werner cells display a more 
precipitous decline in proliferative activity than cells from 
normal donors, 
In ow- experience, cellular senescence is associated with the 
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FIG 1. In. vitro growth histories of a cul ture derived from a cl inically 
normal individual (upper curve ) and a culture from patient HMcG 
(lower cu.rve). The Werner culture achieved 20.1 cumulative population 
doublings, and the normal cu ltu re achieved 80.7 population doublings. 
These 2 cultures displayed unusua lly long in vitro life spans. In our 
laboratory normal cultures ra rely achieved more than 60 population 
doublings and Werner cultures ceased replicative activity in less than 
15 population doublings. 
emergence of a morphologically distinct cell type. Increased cell 
size is probably the most obvious alteration [20, 21]; in addition, 
these cells appear to be more polygonal than the typical spindle-
shaped cells observed in actively dividing low-passage cultUJ'es 
(Fig 2), The cytoplasm assumes a fibrillar appearance, a nd 
nuclear aberrations such as binucleation and micronucleation 
occu.r with increasing frequency . These cells rarely, if ever, 
divide, and they show a markedly depressed thymidine labeling 
index in autoradiographic prepal·ations. 
In order to quantify these observations, we examined fix ed 
and stained clones from a series of cultures from normal donors 
and from 3 cultures initiated from 3 separate HMcG explants 
at various points throughout their life spans. Clones were scored 
as "senescent" if the enlarged polygonal cell type accounted for 
more than 50% of the cells in a given colony. Cell counts were 
not feasible in all clones, and ambiguous clones were scored as 
"nonsenescent," The "senescent" cells observed in Werner and 
normal control cultw-es were indistinguishable at the level of 
magnification used in these studies, With 1 exception, the 
proportion of the "senescent" colonies dramatically increased 
as the cultures derived from normal donors went through 
progressive passages (Fig 3). Because of the rapid senescence of 
the Werner cultures, only a few time points could be examined; 
in contrast to control cells in early passages, senescent clones 
predominated even at the fU'st passage after the initial out-
growth of the Werner cultures. (The strain that failed to show 
a morphological change with increasing passage level was de-
rived from a premature infant who died of respiratory distress 
syndrome without other apparent abnormalities. We have ex-
tensively studied this strain in our laboratory; thus far, it has 
shown no other unusual characteristics.) The observations sum-
marized in Fig 3 essentially confu'm the original findings of 
Martin et aI [8] of a greatly reduced growth (and cloning) 
capacity in Werner cultures. 
Cytogenetic Studies 
In a previous publication we reported extensive structw'a1 
chromosome realTangements (resulting in pseudodiploidy) in 
all but 2 of the cultw-es initiated from multiple explants from 
HMcG [9]. A variety of complex translocations were sometimes 
observed in a single culture, In most cases a clonal pattern was 
observed, that is, a minimum of 2 metaphase cells in a single 
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FIG 2. Photomicrographs of fibroblast- like cells ('mm normal individuals (x 35). A, clone containing predominantly young actively dividing 
cells. B, clone of mixed structure contain ing both actively dividing and large polygonal "senescent" cells. C, clone composed entirely of senescent 
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FIG 3. Frequency of clones displaying predominantly the senescent 
cell type as a function of passage level. Each curve represents the 
enumeration of clones from cul tu res derived from different donors. The 
points in the upper left portion represent studies on cul tures initiated 
from 3 separate postmortem biopsy samples from a patient wi th Wer-
ner's syndrome (HMcG). . 
cul ture demo~strated the same rearrangement. The pattern of 
chromosome mvolvement was nonrandom: chromosomes 2 a nd 
3 were underrepresented, no rearrangements involving chro-
mosomes 16 to 22 were observed, and chromosome 5 was 
involved at greater than expected frequencies (Fig 4). Cells 
from 21 norma l individuals revealed no evidence of mosaicism; 
156 metaphases were karyotyped and an addit ional 791 were 
examined at t he microscope. There was 1 culture fi'om a normal 
donor (HS [9]) that demonstrated translocation mosaicism 
similar to that seen in the Werner cell cu ltm·es. However, the 
pattern of chromosome involvement was different. 
We examined 4 cultures (from 2 couples with histories of 
habitual abortions) throughout their in vitro life spans to 
determine whether clonal alterations such as translocation mo-
saicism occur with the onset of senescence. The cultures r e-
6 
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FIG 4. Distribution of chromosomes involved in clonal rearrange_ 
ments observed in cultures from a patient with Werner's syndrome 
(patient HMcG) . The numbers on the horizontal axis indicate the 
individual chromosomes of the human karyotype. The left vertical axis 
indicates the frequency distribution of 35 presumptive exchange points 
observed in the clones. The relative lengths of the chromosomes, as 
determined from the data in Table 5 of the Paris Conference 1971 
Heport (from Hoehn et al [10], S. Karger, with permission), are indi-
cated by the circled line (right vertical axis). 
mained euploid, although we observed an increased frequency 
of tetraploid cells in the final passages. There was no obvious 
difference in the freq uencies of unstable aberrations (e.g., gaps 
and breaks) between Werner and control cultures. However, we 
have not completed a systematic evaluation of this class of 
chromosomal abnormali ties. 
Since these studies, a large number of postmortem tissue 
specimens have been obtained from MI, the sister of HMcG, 
and cryogenically preserved. We are still in the initial phases of 
the cytogenetic analysis of these tissues, but the studies thus 
far completed reveal extensive translocation mosaicism. One 
culture has been evaluated throughout its in vitro life span and, 
as observed in cultUl'es from HMcG a variety of translocations 
were observed with evidence for clonal expansion of some of 
the rearrangements (Table 11). In this culture 3 (cytogenetically 
defined) clones were observed, but the representation of each 
of these clonal types varied at different passages (Table III). 
This variability might have reflected random fluctuations in 
ascertainment rather than true clonal succession with progres-
sive culture passages. Although the data are as yet not extensive 
enou gh for us to determine the distribution of chromosome 
involvement, as also noted in cultures derived from HMcG, 
chromosome 5 was a frequent participant in t hese rearrange-
ments. 
Cell Fusion Studies 
We previously reported that thymidine incorpor~tion in se-
nescent nuclei was stimulated in heterokaryons with HeLa- or 
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TABLE II. Evaluation of consecutive metaphase cells in four 
sep arate p assages of a culture obtained post m.ortem. from a patient 
with Werner's syndrolne (p atient Ml) 
Passage" Metaphase 
1 
2 
Mode" 
4G 
45 
Xp+ 
-2 1 
Analysis" 
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Werner X Hela Normal X Hela 
H 
80 
4 45 -5, t (6; 5q), 7q-, 8p-, - 16, +2maJ 
'Q; 60 
u 
" Z 5 45 -X, - 3, 9p- , 13q-, - 16, +2mar 
'0 
Q) 
40 
6 
7 
I 
2 
3 
4 
5 
6 
7 
9 
T " 1 
2 
3 
4 
J 
2 
3 
4 
46 
4G 
4G 
47 
4G 
46 
46 
46 
45 
46 
46 
46 
46 
46 
47 
46 
46 
46 
13q-
13q-
3p-, 7p+, 16q-
lq-, +2, -5, +mar 
- 5, -5, +2nlaJ' 
t( 1; 5q) , 5q-
t(l; 5q) , 5q-
t (1 ; 5q) , 5q-
t( l; 5q) , 5q-, - 17 
t(l; 5q), 5q-
t(1; 5q), 5q-
t( l ; 5q), 5q-
L( I; 5q), 5q-
t (1; 5q), 5q-
t(l; 5q), 5q-
t(l; 5q) , 5q-
-X, -X, +2mar 
- 22, Xq-, + lmar 
5 45 -7, - II , -15, +2mar 
6 46 
7 46 
" T rypsinization num ber. 
t( 1; 5q), 5q-
t( l ; 5q), 5q-
" Number of chromosomes in metaphase. 
,. Structurally abnormal chromosome arms are listed if the realTange-
ment could noL be identified fur ther. 
TABLE III. Predom.inant clone present at d ifferent passage levels 
(patient Ml) 
Passage" Description 
Clone a (46, XX, 13q-) 
Clone b (46, XX, - 3, -4, -6, 
- 10, +4 mar) 
Clone c (t[l; 5q], 5q-) . 
Clone c (t[l; 5], 5q-) 
Clone c (t[l ; 5], 5q-) 
" Trypsinization number. 
Frequency 
7/ 14" 
2/ 14 
6/ 9 
4/ 4 
7/ 10 
" Clonal rearrangement present in 7 of 14 metaphase cells analyzed 
at that passage. 
simian-virus-40-transformed (S V40-transformed) human cells 
[22] , whereas young, actively dividing human FL cells did not 
stimulate senescent nuclei [23]. Both t he HeLa- and SV40-
t ra nsformed huma n cells were from highly a neuploid cultures 
that possessed an apparently unlimited proliferative potent ia l. 
R ecen t observations suggest that reactivation of senescent cells 
in this experimental system may have been associated with 
alter ed r egula tion of growth, such as a loss of contact inhibit ion 
a nd serum dependence [22]. 
R ecently, we ini tiated simila r heterokaryon studies in which 
senescent cells from Werner cultures were fu sed to H eLa cells. 
In the firs t experiment only minimal stimulation of the senes-
cent Werner nuclei was observed, and there was a marked 
depression of the thymidine labeling index of the HeLa nuclei 
(Fig 5A). Similar results were obta ined in a second experiment 
of iden tical design (Fig 5B) . R epetition of our previous studies 
with senescent FL cells from normal donors, however, revealed 
stimulation (Fig 5C). 
DISCUSSION 
The experimental observa tions indicate that, in addi tion to 
a greatly attenuated proliferative span, cul tured FL cells de-
r ived from patients with Werner 's syndJ'ome also differ from 
normal control cultures in their karyotype stability and capacity 
a; 
.c j 
, 
Q) 
c: 
'i5 
'E 
>. 
.s:::. 
~ 
:I: ,.., 
20 
80 
60 
40 
20 
H H 
Hetero- Homo- Hetero- Homo-
dikaryons dikaryons dikaryons dikaryons 
FIG 5. Bar graphs showing the "H-thymidine labeling indices in 
heterod ikaryons (cells wi th 2 nuclei of differenL parental origin ) and 
homodikaryons (cells with 2 nuclei of the same parental origin) resul ting 
from the fusion of HeLa cells and human diploid fi broblast- like cells 
from Werner and from normal donors. Approximately 50 to 100 heter-
od ikaryons and 100 to 200 homodikaryons were enumerated in each 
experiment. WS Werner senescent; H = HeLa; NS = normal senescent. 
A , experimenta l 1: Werner cells (patient MI) fu sed to HeLa cells. B, 
experiment 2: Werner cells (patient Ml) fused to HeLa cells. C, control 
experimenL: normal cells (sLrain 7l-95) fused to HeLa cells. 
to re init iate nuclear thymidine incorporation after heterokaJ'-
yosis wi th HeLa cells. In addi t ion, Werner cell cultw-es enter 
the senescent phase more precipitously than those from normal 
donors, under the cultw-e condi t ions used in ow- laboratory. 
Although we noted no morphological differences between se-
nescent Werner and senescent normal cells at the level of 
observation permitted by t he light microscope, we have no 
assw-ance that we were dealing wit h strictly comparable cell 
types. The extensive degenera tive changes that occw-red in the 
skin of Werner pa tients migh t have predisposed to select a n 
unusual outgrowth type. More extensive anatomical studies, 
particularly at t he ultrastructural level, may provide useful 
information regarding this phenomenon. 
Right now we believe that the extensive translocation mosai-
cism observed in t hese cultures was a manifestation of t he 
Werner syndrome genotype. T here ar e, however , other possible 
interpretations. Contaminating microorganisms such as myco-
plasmata and viruses can cause chJ'omosomal a berrations [24-
27]. Such contamina nts could have been acquired in vitro or 
may have been present in t he t issue specimens at the t ime of 
biopsy. In view of the fact that both H M cG and MI were 
extremely debilitated and died wi th septic illnesses, the latter 
must be considered. E xtensive testing for mycoplasmata have, 
to date, yielded negative resul ts. Cytogenetic alterations such 
as ring a nd dicentric chromosomes and other unstable aberra-
tions (e.g., breaks a nd gaps) known to be associated with virus 
and mycoplasmata infections were not obviously above the 
background frequ ency seen in ow- la boratory. 
The relationship between translocation mosaicism and a 
rapid decline in the growth potent ial is not known. We believe 
t hat it is unlikely that these cytogenetic alterations aJ'e a 
primary cause or a direct resul t of rapid clonal senescence. T his 
interpretation is supported by our obser vations (a) that such 
aberrations occurred in 1 cul ture (HS[9]) that displayed a 
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normal growth potential and (b) that no pseudodiploidy oc-
cUlTed in cultures from 4 normal donors even in the final 
passages. Therefore, it is possible that these features were 
parallel manifestations of the underlying defect and not causally 
interrelated. 
OUT cell fusion results are still preliminary. Clearly, we must 
repeat these studies with cultures derived from other donors, 
and the effects of the various chromosomal aberrations (or lack 
thereof) on the behavior of these cells in heterokaryons should 
be investigated. Assuming that our observations are reproduc-
ible, we believe that this behavior is most likely related to a 
genetic defect present in these individuals rather than to some 
more indirect mechanism such as an increased susceptibility to 
random and generalized injury. This interpretation is suppor ted 
(a) by our previous observation that HeLa cells stimulate 
nuclear :IH-thymidine incorporation in human FL cells sub-
lethally injured by exposure to mitomycin C or to amino acid 
analogues and (b) by the fact that the stimulation was equiva-
lent to that observed in senescent FL cells from normal donors 
[28]. 
Finally, we must emphasize that, although significant differ-
ences between Werner syndrome and "normal" aging are ap-
parent at various levels of observation, this syndrome might 
still be a useful model of selected aspects of t he aging process 
and of age-related disorders. Many such "segmental progeroid 
syndromes" were reviewed by Martin [4]. We still need to 
determine the extent to which the pathogenetic mechanisms 
overlap with those underlying ordinary aging. As to Werner's 
syndrome, it may be true that a subset of cells of great signifi-
cance to the maintenance of tissue integrity in a variety of 
organs undergoes accelerated clonal senescence. Even if t he 
mechanism underlying such clonal senescence were different 
from that underlying the limited growth potential of normal 
somatic cells of that type (as has been suggested by our data), 
this syndrome would nonetheless have served as a valid cellular, 
if not molecular, model of certain aspects of t he aging process. 
We gratefully acknowledge the expert technical assistance of Ms. 
Kam Au a nd Ms. Carol Zeigler. 
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